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Abstract. Unilaterally brain damaged patients were asked to judge the correctness of familiar 
melody lines. Sixty per cent of these items contained either pitch, rhythm, tempo, or phrasing errors. 
With respect to the detection of pitch errors, right anterior patients performed significantly worse 
than all other groups; right central patients exhibited an intermediate level of difficulty; all left brain 
damaged (aphasic} groups were nearly flawless. For the detection of rhythm and phrasing errors, 
control, left anterior and left posterior groups did well while right anterior, right central and left 
central groups did poorly. Results suggest that the anterior right hemisphere may be critical in the 
processing of pitch components of music; the right hemisphere in general may be important in 
maintaining the internal auditory representation of musical material, essential for detecting violations 
in performance. 


INTRODUCTION 


THE ISSUES of how one processes musical material, and the extent to which each hemisphere is 
involved, have been the subjects of inquiry and debate for at least a century (for review see 
[1-3]. While many investigators have focused on the processing of specific musical 
components, such as pitch, rhythm, and tempo in both normal and brain damaged 
populations [4, 5], few have examined the extent to which the processing of these 
components breaks down separately, or in unison, in various brain damaged populations. 
Such investigations are useful in determining how musical capacity is represented in the brain 
and whether musical processing skills break down in an across-the-board fashion or more 
selectively for specific components according to the locus of lesion. 

Much evidence concerning the processing of musical material has been gathered to date 
from studies of normal individuals and clinical studies of brain damaged populations. The 
majority of evidence has implicated the right hemisphere [6-9], although this is not 
systematically true for all components of music [4], nor for all individuals [10]. Results are 
further complicated by the use of musicians vs. non-musicians in similar tasks. For example, 
in a dichotic listening task, BEVER and CHIARELLO [11] found a left-ear preference for melody 
recognition in non-musicians, but a nght-ear preference in musicians. Finally, most studies 
have required the subject to make judgments on unfamiliar highly artificial stimuli presented 
in isolation, a process that may bear little resemblance to the way one customarily processes 
music. Furthermore, the task often involves a short-term memory component, that of 
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comparing two unfamiliar tonal sequences, which may confound the actual musical 
judgment. 

In the present investigation, subjects without appreciable musical training who had 
sustained either left anterior, left central, left posterior, right anterior or right central 
unilateral brain lesions were asked to judge whether highly familiar melody lines were played 
correctly or not. In this context, the melody line was either left intact, or one of four 
components-—pitch, rhythm, phrasing or tempo——was altered to produce an incorrect 
rendition. It was hypothesized that normal control and left brain damaged groups in general 
would perform better overall than right brain damaged patients, although subgroups within 
the left and right brain damage classifications would differ in their performance. 
Furthermore, patient groups would be differentially impaired in the processing of specific 
musical components depending upon site of lesion. Specifically, in the light of previous 
research [4-9], right brain damaged groups would have the most trouble detecting items 
with pitch errors, while left brain damaged groups would have trouble detecting items 
containing rhythm errors. Moreover, because of their oft-noted sequencing deficits [12-14], 
patients with left hemisphere damage would have trouble with items containing phrasing 
errors, in which part of the melody line was actually deleted. It was also hypothesized that if 
errors were in some way accentuated within the melody line, (e.g. pitch errors played out of 
key vs. in key; the inclusion of five vs. three rhythm errors), they would be more easily 
detected by groups which ordinarily encountered difficulty processing these musical 
elements. 


METHODS 

Subjects 

Subjects included twenty-eight right-handed patients with localized cerebral insult to either the right or left 
hemisphere, and five normal control subjects. All subjects were high school or college educated native English 
speakers between 35 and 65 years of age who had not pursued professional musical training in the past twenty years. 
Patients were classified into five experimental groups on the basis of radiological findings (either CT scan or brain 
scan); supporting neuropsychological assessment including performance on the Boston Diagnostic Aphasia 
Examination [15]; and clinical findings including field cuts, hemiplegia, and hemisensory loss. Subject groups were 
comprised of sixteen patients with left hemisphere damage, including five Broca’s aphasics with syntactic deficits but 
good lexical comprehension as a result of left anterior insult; six mixed aphasics with left central lesions (these 
patients were non-fluent with fair to good comprehension and evidence of both pre- and post-Rolandic insult); and 
five fluent aphasics with poor comprehension secondary to left posterior (temporo-parietal) insult. Twelve non- 
aphasic patients with right hemispheric insult were examined, including seven with lesions primarily restricted to the 
anterior region of the right hemisphere and five with right central lesions with primarily parietal, but also pre- 
Rolandic insult. Five normal control subjects matched in age, socio-economic status, and educational level to the 
brain damaged patients were also tested. 


Materials 

Stimulus items consisted of forty-six, eight-bar pieces of familiar songs played on the piano and without lyric 
accompaniment (e.g. “O! Susanna”, “Silent Night”). Stimulus items were selected by a panel of five judges who 
independently scored the familiarity of a series of eight-bar melody lines. Only those items that were determined to be 
highly familiar by all five judges were included in the present study. Twenty-cight of these items, or approximately 
sixty per cent of them, contained only one of four specific types of musical errors, including pitch errors (eight items), 
rhythm errors (eight items), phrasing errors (eight items) and tempo errors (four items). Moreover, there were two 
variation within each type of musical error as follows. 

For pitch errors, four wrong notes were substituted for four correct notes at specified points tn the course of the 
item, of which two incorrect notes were two tones above the correct note and two notes were two tones below the 
correct note. Half of these items with pitch errors contained incorrect pitches that were in key and the remainder 
exhibited errors which were out of key. For rhythm errors, a short-value/long-value (or long-value/short-value) pair 


of notes was reversed in order, feg.dd edd ), while the correct sequence of pitches was maintained. Half 
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of these items with rhythm errors contained three rhythm reversals, while the remainder contained five rhythm 
reversals. Both the pitch and rhythm items consisted of the initial eight bars of the melody lines. For the phrasing 
errors, a phrase of music four bars in length was deleted from the middle of the initial twelve bars of a melody line. 
Half of these deletions were at phrase markings, while the remainder did not coincide with phrase markings. Finally, 
four pieces were played with tempo errors, in which the initial eight bars of the melody line were played too quickly 
in half of the items, and too slowly in the remainder. The remaining eighteen items contained no errors. All items 
were presented to the subject on a cassette tape. 


Procedure 

Subjects were seated in a quiet testing room with the experimenter and a portable cassette tape recorder directly in 
front of them. A brief training session was administered prior to the actual testing session in order to familiarize the 
subject with each type of stimulus item and the required response, and to determine a comfortable listening level for 
the subject. Subjects were told that they would hear some familiar segments of music, some of which would be played 
correctly and some incorrectly. Each item was played twice, and the subject was asked to judge whether the segment 
he heard sounded correct or not. 

In the training session, cight items (which constituted a representative sclection of the kinds of items used in the 
actual test) were played in a random order. In this session, generally lasting no more than ten minutes, items were 
played twice but repeated upon request, and feedback was given on the correctness of the subject's responses. 
However, at no time were the types of errors specifically named or explained by the experimenter. Only those 
subjects who clearly understood the task and were able to indicate either verbally or through gesture whether the 
piece sounded correct or not proceeded with the test session. Two patients, not included in the initial description of 
subjects, failed to understand the task. During the actual testing session, the forty six items were presented to each 
subject in the same random order. No feedback was given during the testing session and no items were played more 
than twice. Subjects were encouraged to guess if they were unsure of their answer and to report any songs they did 
not recognize. 


RESULTS 


Results will be presented in the following manner. Differences between control, aphasic, 
and right brain damaged groups as a whole will be examined, followed by a more detailed 
analysis of differences between control and each of the aphasic and right brain damaged 
subgroups. For each of these analyses, group differences in overall performance will precede a 
more specific analysis of group differences for each item type. Finally, performance profiles of 
each group across all item types will be presented. 

Differences in overall performance between aphasic patients as a whole, right brain 
damaged patients as a whole, and normal control subjects were examined in a two-factor 
Group (3) x Item (5) repeated measures analysis of variance on number of correct 
responses. Analysis revealed significant main effects for Group (F=10.12; df=2,30; 
P <0,.001) and Item Type (F = 33.27; df=4,120; P<0.001), and a significant Group x Item 
Type interaction (F = 6.35; df=8,120; P=0.032). A Duncan’s Multiple Range Test of Means 
revealed that normal controls and aphasics performed significantly better, overall, than the 
right brain damaged groups (P <0.05). 

Separate analyses of variance for each item type revealed significant group differences for 
pitch ((=7.35; df=2,30; P=0.003), rhythm (F = 17.24; df=2.30; P<0.001), and phrasing 
(F = 4.93; df=2,30; P=0.015) items only. For each of these,a Duncan’s Multiple Range Test 
showed that both aphasic and control groups performed significantly better than the right 
brain damaged groups (P <0.05). For control and tempo items, no significant differences 
were found between groups. 

Aphasic and right brain damaged groups were then separated, respectively, into left 
anterior, left central, and left posterior aphasic patients and anterior and central right brain 
damaged groups and again compared with the control group in overall performance. A two- 
factor, Group (6) x Item Type (5) repeated measures analysis of variance was performed, 
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again revealing significant main effects for Group (F =5.17; df=5,27; P=0.002) and Item 
Type (F =18.34; df=4,108; P<0.001) and a significant Group x Item Type interaction 
(F =2.19; df= 20.108; P =0.006). A Duncan’s Multiple Range Test of group means showed 
that, overall, the control, left anterior, and left posterior groups performed the best with 88, 87 
and 77°, items correct, respectively, while right anteriors and right centrals were the worst, 
with 60 and 64°, items correct, respectively. Left central patients were intermediate in 
performance, with 71°,, of the items correct. 

Separate analyses of variance were then performed on each item type, and for each subject 
group. The analyses for each item type revealed significant group differences for pitch 
(F =4.21:df=5.27; P=0.006), rhythm (F = 8.67: df= 5,27; P <0.001) and phrasing (F = 4.27; 
df=5,27. P=0.006) items only. When each of these item types was examined separately, 
using a Duncan’s Multiple Range Test. characteristic group differences emerged as outlined 
in Fig. 1. For the pitch items, right anterior patients performed significantly worse than all 
other groups (P <0.05). No other significant group differences were found, although there 
was a tendency for the right central group to perform worse than the aphasic and control 
groups. For the rhythm items, right anterior and right central patients performed 
significantly worse than control, left anterior and left posterior groups (P <0.05). The left 
central aphasics were intermediate in performance: they performed at significantly worse 
levels than the control and the other two aphasic subgroups, yet significantly better than the 
right anteriors (P <0.05). For the phrasing items, right anterior, right central and left central 
groups performed significantly worse than control, left posterior and left anterior groups 
(P <0.05).* 
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Fic. t. Per cent items correct on pitch, rhythm and phrasing items for all subject groups. 


*As this article went to press, we had the opportunity Lo test a patient with a right posterior (temporo-parieto- 
occipital) lesion secondary to a cerebrovascular accident. His performance was flawless on pitch, rhythm, and 
phrasing items, thus revealing none of the deficits of the other right brain damaged groups. 
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To determine performance profiles within each group, Duncan’s Multiple Range Tests 
were performed on each of the various item types within groups. For all groups, pitch items 
were the easiest and tempo items the most difficult, except for the right anteriors, for whom 
control items proved the easiest and rhythm items the most difficult. The following trends 
within groups were observed. Control, left anterior and left posterior groups exhibited a 
rather flat profile, doing well on all items types, with the exception of the tempo items. Right 
anteriors, in contrast, did poorly on all item types, with the exception of their good 
performance on control items. Left central and right central patients had a more varied 
profile: they tended to do poorly on rhythm, phrasing and tempo items and relatively better 
on pitch and control items (See Table 1). 


Table 1. Per cent items correct in cach subject group for each item type. 


Item type 
Subject group Control Pitch Rhythm Phrasing Tempo 
Control 89 100 100 90 60 
Left anterior 78 100 93 95 70 
Left posterior 85 100 85 8&8 25 
Left central 89 98 71 63 38 
Right central 77 83 55 63 40 
Right anterior 82 59 41 57 61 


None of the variations within item types (i.e. pitch errors: in-key vs. out-of-key; rhythm 
errors: three vs. five; tempo errors: fast vs. slow; phrasing errors: consistent with vs. violating 
phrase markings) proved to be significant, nor were there any significant Group x Item 
Type Variation interactions. Thus, there was no evidence to suggest that any of the groups 
were either aided or hindered by the blatancy of the violation within an item type. 

Subject reports of song recognition revealed that aphasic and right brain damaged groups 
reported non-recognition of songs in 4 and 6% of the songs, respectively, while this was 
reported by normal controls in less than 1° of the songs. Moreover, for all groups the 
percentage of songs not recognized was fairly evenly distributed among all item types with 
the exception of tempo items, which were much less frequently recognized. These results must 
be interpreted with caution, however, as there was no accurate way of assuring that patients 
reported all of the songs that they did not recognize. 


DISCUSSION 


The present results reveal differences in overall performance between aphasic, right brain 
damaged, and control groups as well as differential breakdown in the processing of various 
musical components within certain organic subgroups. Normal controls and aphasic 
patients were significantly better at detecting all types of musical errors, with the exception of 
tempo errors,* than the right brain damaged patients. Moreover, within the aphasic group, 


*All groups, including the control subjects, did poorly on the tempo items. which contributed to most of the 
significant within-group differences. Though it is possible that many of the subjects were unable to perceive 
alterations in tempo, it is more likely that these alterations were simply not perceived as errors during the testing 
session. Thus, subjects frequently remarked that the songs sounded right, though they were played either too quickly 
or too slowly. 
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left anterior and left posterior aphasics showed the best performance overall. The depressed 
performance of the right brain damaged groups was attributable primarily to the right 
anteriors. 

While these results suggest that musical material may be “of a whole”, that left anterior and 
left posterior aphasics detect all types of musical errors while right anteriors do poorly at 
everything, this characterization alone cannot explain the performance of either the left 
central aphasics or the right central group: the left central aphasics were nearly flawless in 
their detection of pitch errors, in sharp contrast to their significantly impaired performance in 
the detection of either rhythm or phrasing errors. This trend was also observed within the 
right central patients, although results did not reach significance, and their performance on 
pitch items was by no means perfect (See Fig. 1). 

It is reasonable, therefore, to suggest that at least some components of music——pitch, 
rhythm, and phrasing—-may indeed be processed separately and show differential sensitivity 
to various types of brain damage. For example, the right anterior patients performed 
significantly worse than all other groups in detecting pitch errors, although the performance 
of the right central group was also somewhat impaired. The diminished performance of both 
right brain damaged groups on the pitch items, especially the right anteriors, in contrast to 
the nearly perfect performance of all aphasic groups for these items, suggests that the ability 
to detect changes in pitch may depend on an intact right hemisphere, and more specifically, 
the anterior region of the right hemisphere. This point is dramatically underscored by the 
case of the left central aphasics, for whom the ability to detect pitch errors in a musical 
judgment task was uniquely spared. 

Although a right anterior (left brain damage) advantage was found for the detection of 
pitch errors, no left hemisphere (right brain damage) advantage was found for the detection 
of rhythm errors. Such an advantage had been expected, given previous findings of right ear 
(left hemisphere) superiority for the processing of rhythmic components of music in a dichotic 
listening paradigm [4, 16]. In fact, in the present study just the opposite effect was found: 
right brain damaged groups did the worst, although the left central aphasic patients also did 
poorly. A similar pattern of breakdown was observed for the phrasing items. The processing 
of both these types of errors may require the ability to detect changes across a sequence of 
tones. Two possible explanations can be offered for the poor performance of both right brain 
damaged and left central aphasic patients in detecting rhythm and phrasing errors. First, the 
ability to detect these errors in familiar musical pieces may require the combined mediation 
of both hemispheres: while the central portion of the left hemisphere may mediate the 
sequential aspects of auditory stimuli in general, there is evidence to suggest that the right 
hemisphere is involved in processing sequences across pitches [14]. 

On the other hand, the central portions of the left hemisphere alone may be crucial in the 
processing of rhythmic and phrasing elements of music, and thus the poor performance of the 
left central aphasic patients, while the right hemisphere groups may have done poorly for an 
entirely different reason. There is some evidence to suggest that patients with right 
hemisphere damage have a poor “internal auditory representation” of musical matertal in 
general. We have recently observed the performance of a non-aphasic patient with extensive 
musical training who suffered a small silent left hemisphere lesion followed by a large right 
hemisphere stroke, leaving him with a complex auditory processing disorder including 
elements of word-deafness, receptive amusia. and auditory sound agnosia. This patient was 
unable to answer from memory simple questions concerning sound relationships in musical 
material with which he claimed to be familiar. Such a deficit has not been noted in other 
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bilateral word-deaf patients with larger left hemisphere strokes. Our observations suggest 
that the right hemisphere may be important in maintaining an internal auditory represen- 
tation, or auditory image, of musical material. In the present study it is postulated that 
patients with right brain lesions had a disturbed internal auditory representation of the 
musical pieces they heard, and were unable to compare what they heard with an accurate 
representation of the song. This would account for the impaired performance of these groups 
in judging all types of musical errors including pitch, rhythm, and phrasing errors. 

It is unlikely that the right brain damage deficit can be attributed to an input-perceptual 
problem; were this the case, performance would have been equally poor on control and error 
items (i.e. pitch, rhythm, phrasing and tempo), which was simply not the case. For example, 
while the right anteriors performed at about chance level on pitch, rhythm and phrasing 
items, they were still 82° correct on control] items. This suggests that they had some idea, 
albeit vague, of what the song should sound like, and made correct judgments more often 
when the stimulus item they heard sounded the way it would sound if it were played correctly. 
It was expected that patients’ performance would improve the more blatantly the stimulus 
item deviated from the way it should have sounded. Unfortunately, neither the left nor right 
hemisphere groups benefited in performance from the variations introduced within item 
types. Perhaps these variations were not robust enough to make a critical difference, 
especially for the right hemisphere patients; for the left hemisphere patients, there may have 
been a ceiling effect. 

While this vague representation notion may account for all of the right brain damage 
group deficits in making musical judgments, this does not, however, exclude the previously 
raised possibility that the processing of “pitch” components depends primarily on right 
anterior function. Only the right anterior group was significantly impaired compared to all 
other groups in detecting pitch errors. The right hemisphere has been implicated in other 
modalities that involve pitch modulation. For example, monotonic speech, or lack of pitch 
variation, has been well documented in patients with right hemisphere damage [17]. More 
recently, Ross and MESULAM [18] have reported specifically on two patients with right 
anterior damage who were unable to modulate their speech in the expression of emotions. 
Clearly, the relationship between the processing and modulation of pitch elements needs 
further exploration across several domains including music, emotions, language and 
environmental sounds. 

Alternative explanations for the present results receive little support. First, there is no 
evidence to suggest that the right anterior patients, who performed the worst overall, had 
more extensive lesions than either the right central or even the aphasic groups. Second, the 
performance of the right anterior patients cannot be attributed to a positive response set bias, 
a tendency to accept all songs as being played correctly. Had such a bias been present, right 
anterior patients should have done better on the control items and worse on the error items 
than they actually did. Another conceivable explanation is that right anterior patients were 
simply unable to recognize songs with errors in them, and thus had no systematic way of 
judging their correctness. Subjective reports of song recognition do not bear out this 
hypothesis. The overall report of non-recognition of songs was low and did not differ between 
patient groups (4-6%). Moreover, the percentage of songs not recognized was equally 
distributed among control items, which contained no errors, and all other item types, with the 
exception of tempo items, which were less frequently recognized. 

In summary, the performance of aphasic and right brain damaged groups suggests that 
musical processing skills do not break down in an across-the-board fashion. This point is 
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most clearly manifested in the performance of the left central aphasics, for whom the ability to 
detect pitch changes was spared in the face of impaired performance on rhythm and phrasing 
items. Furthermore, while there is evidence to suggest that both hemispheres are involved in 
the processing of rhythmic and phrasing components of familiar musical material, the 
anterior region of the right hemisphere has been strongly implicated in the processing of pitch 
elements. Performance on the present task also suggests that the right hemisphere may be 
essential in maintaining an internal auditory representation of musical material. It is 
noteworthy that in the present study subjects were asked to make judgments about basic 
elements of music embedded in a familiar musical context. Furthermore, no short-term 
memory component was necessary to perform this task. Thus, although results did not 
coincide entirely with predictions made from past investigations, the present results may be 
more reflective of actual musical processing skills in both normal and brain damaged 
populations than those reported to date. 
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Résumé : 

On a demandé 4 des malades avec lésions cérébrales unila~ 
térales de juger si des lignes mélodiques familiéres étaient ou non 
correctes. 60% de ces items contenaient des erreurs soit de la hau- 
teur, soit du rythme, soit du tempo soit du phrasé. Dans la détection 
des erreurs de hauteur, les malades avec lésion antérieure droite 
avaient des performances significativement inférieures 4 celles de tous 
les autres groupes; les malades avec lésion centrale droite avaient 
des performances intermédiaires; tous les groupes de lésion gauche 
(aphasiques) avaient des performances presque parfaites. Dans la dé- 
tection des erreurs de rythme et de phrasé, le groupe de contréle et 
les groupes avec lésions gauches antérieures et postérieures avaient de 
bonnes performances tandis que les groupes avec lésions droites anté- 
rieures et centrales et le groupe avec 1ésion centrale gauche avaient 
des performances déficitaires. Ces résultats suggérent que l'hémisphére 
droit dans sa partie antérieure peut représenter la localisation cri- 
tique pour le traitement des composantes de hauteur de la musique; 
lL'hémisphére droit en général peut étre important pour maintenir la 


représentation auditive interne du matériel musical. 


Zusammenfassung: 


Von einseitig hirngeschaddigten Patienten wurde ein Urteil. dartiber 
verlangt, ob bekannte Melodien richtig dargeboten waren. 60 % dieser 
Aufgaben enthielten entweder Tonhdhe-, Rhythmus-, oder Betonungsfehler. 
Patienten mit rechtsseitiger Schaddigung in vorderen Hirnabschnitten 
entdeckten Tonhdhenunterschiede signifikant schlechter als alle anderen 
Gruppen. Patienten mit rechtsseitig zentraler Hirnschddigung hatten 
ein mittleres Fehlerniveau. Alle linksseitig geschaédigten (aphasischen) 
Gruppen hatten fast keine Schwierigkeiten. Fur die Feststellung von 
Rhythmus und Phrasierungsfehlern, waren die Leistungen von Konatroll- 
personen,von Patienten mit linksseitig vorderer und linksseitig 
rickwartiger Hirnschadigung gut, wdhrend Patienten mit rechtsseitig 
vorderer, rechtsseitig zentraler und linksseitig zentraler Hirn- 
schddigung schlecht waren. Die Ergebnisse legen die Annahme nahe, 

da& der vordere Anteil der rechten Hemisphadre bei der Verarbeitung 

der Tonhdéhenkomponenten von musikalischen Stimuli kritisch sein kénnte. 
Die rechte Hemisphire kénnte im ganzen eine Bedeutung dafiir haben, die 
interne akustische Repradsentation ftir musikalisches Material. aufrecht 
zu erhalten, die notwendig ist, um Fehler in dieser Modalitdt zu be- 
merken. 


